Objective Although the prognosis is known to be poor in cirrhosis patients associated with sarcopenia, the relationships among skeletal muscle, visceral fat, and the liver have not yet been thoroughly investigated. Therefore, the prognosis and its associations with body composition and the severity of liver disease were examined in patients with cirrhosis. Methods The skeletal muscle mass and visceral fat area were measured in 161 patients with cirrhosis, the effects of body composition on the prognosis were analyzed, and any factors that contribute to changes in body composition were assessed. Results During the mean observation period of 1,005 days, 73 patients died. Patients with sarcopenia or sarcopenic obesity had a poor prognosis, and this difference was pronounced in the subset of patients classified as Child-Pugh class A. A decreased skeletal muscle mass was strongly correlated with decreased serum albumin levels. Sarcopenia is a common feature of advanced cirrhosis, and transitions were observed from normal body composition to sarcopenia and from obese to sarcopenic obesity. Conclusion The body composition is a prognostic factor for cirrhosis, and a better body composition may be advantageous for obtaining a long-term survival in patients with cirrhosis.
Introduction
A loss of skeletal muscle mass (sarcopenia) is very frequently observed in chronic diseases such as obstructive pulmonary disease, malignant tumors, chronic rheumatoid arthritis, and cirrhosis, and when sarcopenia accompanies these diseases, the incidence of adverse events increases and the prognosis worsens (1) (2) (3) (4) . In addition, in such chronic diseases, a reduced fat mass, or undernutrition, is also known to lead to a poor prognosis (5) . On the other hand, although it is a well-known fact that visceral obesity causes insulin resistance and leads to a high risk of developing cancer or cardiovascular events, it is also reported that sarcopenic obesity (the coexistence of sarcopenia and visceral obesity) is an advanced metabolic disorder showing severe metabolic syndrome (6, 7) . Thus, the skeletal muscle mass and visceral fat mass affect the pathophysiology of a disease, and their effects differ depending on the disease (5) .
A high incidence of serious events and poor outcomes have been reported when sarcopenia accompanies cirrhosis (4) . In terms of body fat, it was recently reported that the prognosis is poor after resection of hepatocellular carcinoma (HCC) in cirrhosis patients with decreased visceral fat, and that the maintenance of the visceral fat mass is therefore essential to maintain a satisfactory prognosis after liver resection (8) . For cirrhosis treatment, nutritional assessments are conducted, and efforts are made to improve the protein-energy malnutrition state (9, 10) ; however, there have been very few investigations related to body fat, and the optimal level of visceral fat mass has not yet been elucidated. Moreover, which test measurements are associated with the progression of sarcopenia in cirrhosis has not been evaluated, and there are also very few findings related to countermeasures for sarcopenia.
In the present study, the skeletal muscle mass and visceral fat mass of patients with cirrhosis were measured, and the relationships between these body composition measurements and the prognosis were investigated. Furthermore, timedependent changes in body composition measurements, as well as factors related to the amounts of these changes, were also examined.
Materials and Methods
A total of 161 patients with cirrhosis (94 men, 67 women; mean age 67±9 years) who received medical care and nutritional assessment at the Mie University Hospital between February 2006 and June 2013 were investigated. The diagnosis of cirrhosis was made based on imaging tests such as abdominal ultrasound, computed tomography (CT), and magnetic resonance imaging, blood test findings, and the presence of any evidence of portal hypertension, such as esophageal varices. Liver biopsies were performed for conditions that were difficult to diagnose. The coexistence of diabetes was also determined, in addition to the coexistence of HCC, and the liver function was evaluated using the Child-Pugh classification. As a general rule, nutritional guidance was provided to cirrhosis patients in accordance with the nutritional standards of the Japan Society of Metabolism and Clinical Nutrition or the European Society of Parenteral and Enteral Nutrition (ESPEN) guidelines (11) . Additionally, 20-30 minutes of aerobic exercise 2-3 times a week was recommended in patients with compensated cirrhosis.
Serum albumin, alanine aminotransferase, and total bilirubin were measured as blood tests. Regarding body composition, in addition to height and weight, the extracellular water (ECW) ratio, visceral fat area (VFA, cm 2 ) and upper limb skeletal muscle mass (kg) were measured using a multifrequency bioelectrical impedance analysis device (InBody 720 ; Biospace, Seoul, Korea), and the relationships between VFA and the upper limb skeletal muscle mass and blood test results were investigated. Subsequently, setting the cut-off value of VFA at 100 cm 2 for visceral obesity and the cut-off value of sarcopenia at 1.7 kg/m 2 for men and 1.2 kg/m 2 for women, patients were classified into normal body composition, visceral obesity, sarcopenia, and sarcopenic obesity (12) , and their outcomes were observed. The European Working Group on Sarcopenia in Older People and the Asian Working Group for Sarcopenia suggested that a low muscle mass (sarcopenia) is more than 2 standard deviations (SD) below the normal young mean. Taking into account age-and disease (diabetes)-related muscle loss, values less than 1 SD from the mean in the diabetes cases were considered to indicated the presence of sarcopenia in the present study (12) .
Furthermore, 50 patients with cirrhosis (27 men, 23 women; mean age 64±9 years) who underwent multiple body composition measurements during the observation period of at least 6 months were extracted, and their initial and final measurements were compared. Specifically, the correlations between the percent changes in the blood test results and the percent changes in the body composition measurements were analyzed to identify the blood test results associated with body composition changes. Additionally, in cirrhosis patients whose body composition was measured at multiple time points, the frequencies of transitions into each body composition state during the observation period were also assessed. This investigation was conducted according to the principles expressed in the Declaration of Helsinki and it was approved by the Ethics Committee of Mie University Hospital (approval number 2028).
Statistics
The chi-square test, the Mann-Whitney U test, and the ttest were used to analyze differences between 2 groups, and Pearson's correlation coefficient or Spearman's rank correlation coefficient was used to determine any correlations between 2 groups. Multiple comparisons among the 4 groups were performed with m×n contingency tables and Scheffe's F test. The Wilcoxon signed-rank test was used to compare changes in test values. In addition, the Kaplan-Meier method was used for the survival analysis. p values of <0.05 were considered to be significant.
Results

Relationships among cirrhosis patients' background characteristics, body composition, and blood test results
The causes of cirrhosis in the 161 patients were: hepatitis B virus (HBV) infection (9 patients), hepatitis C virus (HCV) infection (101 patients), alcohol (26 patients), and other (25 patients). There were 82, 64, and 15 patients with Child-Pugh severity classifications of A, B, and C, respectively, and 59% of the patients also had coexisting HCC. Next, the relationships between the prevalence of sarcopenia and the Child-Pugh classification, ascites, and ECW ratio were evaluated. Child-Pugh class B or C cirrhotic patients tended to have a higher prevalence of sarcopenia (19/64, 30%; 5/15, 33%, respectively) than class A (16/82, 20%), but the difference was not significant (p=0.111). There was no difference in the prevalence of sarcopenia in cirrhotic patients with (14/55, 25%) and without ascites (26/106, 25%). We previously reported that a relative expansion of ECW (i.e., more than 0.398) was associated with peripheral edema in patients with cirrhosis (13) . Cirrhotic patients with a high ECW ratio (>0.398) had a significantly (p<0.05) higher prevalence of sarcopenia (25/73, 34%) than those with a (18/88, 17%) . In this way, the prevalence of sarcopenia may increase with advancing liver disease accompanied with an expansion of ECW.
The correlations between body composition and the blood test results are shown in Table 1 . Although there was a weak positive correlation between VFA and albumin, no significant correlations between the muscle mass and blood test results were observed.
Classification of body composition and prognosis
Patients were classified into the following 4 groups depending on their upper limb skeletal muscle mass and VFA: normal body composition (normal skeletal muscle mass, normal VFA); visceral obesity (normal muscle mass, VFA >100); sarcopenia (decreased muscle mass, normal VFA); and sarcopenic obesity (decreased muscle mass, VFA >100). There were 60, 61, 25, and 15 patients, respectively, in each group (Table 2) . Sarcopenia and sarcopenic obesity were more commonly observed in men, and sarcopenic obesity was more common observed in elderly individuals. Diabetes and other causes of cirrhosis were more common in cirrhosis patients with visceral obesity. No differences were observed in the coexistence of HCC, severity of liver disease, and serum albumin ( Table 2 ). The groups were also compared regarding the concentrations of alpha-fetoprotein and proteins induced by vitamin K absence-II on admission, HCC clinical stage (Liver Cancer Study Group of Japan), initial treatment or recurrence of HCC, details of treatment (hepatectomy, radiofrequency ablation, transarterial chemoembolization, transcatheter arterial infusion, sorafenib, or untreated), and whether or not branched-chain amino acids (BCAAs) were administered. However, there were no significant differences in any of the items (Table 2 ).
In the comparison of 3 groups (visceral obesity, sarcopenia, and sarcopenic obesity groups), 22 (36%), 12 (48%), and 10 (67%) deaths were noted, respectively, during a mean observation period of 1,005 days, and the prognosis was significantly worse in the cases with sarcopenic obesity, followed by those with sarcopenia and visceral obesity, in Figure 1 . A: Classification of body composition and prognosis. The prognosis is significantly worse in patients with sarcopenic obesity, followed by sarcopenia and visceral obesity, in that order (p<0.05). B: Classification of body composition and prognosis. The prognosis is poor for sarcopenic obesity, followed by sarcopenia, normal body composition, and visceral obesity, in that order (p=0.077). C: Classification of body composition and the prognosis limited to elderly (aged ≥64 years) subjects. The prognosis is poorer for sarcopenic obesity than for a normal body composition plus visceral obesity (p=0.079). Supplementary A: Classification of body composition and prognosis limited to HCV-infected patients. There is no association between body composition and survival. 
that order (p<0.05) (Fig. 1A) . Adding the normal body composition group to this comparison, the 4-group comparison showed that the prognosis was poor in sarcopenic obesity, followed by sarcopenia, normal body composition, and visceral obesity, in that order (p=0.077) (Fig. 1B) . In the subgroup analysis using the Child-Pugh classification, patients with sarcopenia or sarcopenic obesity had a poor prognosis in the subset of patients classified as Child-Pugh class A ( Fig. 2A) , but no differences were seen among the class B and C patients (Fig. 2B ). As shown in Fig. 2A , survival was similar for patients with normal body composition and patients with visceral obesity. In HCV-infected patients (n= 101), there was no association between body composition and survival ( Supplementary Fig. 1A ). The low number of cases may have affected this result. Since sarcopenic obesity was more common in elderly subjects, additional statistical analysis limited to elderly (aged ! 64 years) subjects was performed. The mean age was 74±4 years for patients with sarcopenic obesity and 71±5 years for patients with normal a body composition plus visceral obesity; this was not significantly different (p=0.063). This comparison also showed that the prognosis tended to be poorer in cases with sarcopenic obesity (n=15) than in those with a normal body composition plus visceral obesity (n=74) (p=0.079) (Fig. 1C) . Table 3 shows body composition at the initial and final measurements, as well as changes in clinical findings. Regarding the spacing between the initial and final examinations, the shortest was 181 days, and the longest was 3,061 days, with a median of 912 days. During the observation period, an exacerbation of the severity of liver disease was ob- VFA: visceral fat area, ALT: alanine aminotransferase, T-Bil: total bilirubin served. Regarding body composition, only sarcopenic patients demonstrated an increase in muscle mass (Table 3) . Unfortunately, the dietary habits and daily physical activity data of the patients were unavailable. Therefore, the association between the instructions for nutrition and exercise and the changes in body composition could not be evaluated. In the present study, the ratio of obese patients did not significantly decrease. Restriction of activities during frequent hospitalization, physical inactivity, and enteral nutritional support including BCAA-enriched mixtures and/or night-time light meals might also have affected the results. The correlations between percent changes (final-initial/initial) in body composition and in blood test results were examined, and a significantly positive correlation was observed between the percent change in the skeletal muscle mass and VFA and the percent change in the serum albumin level (Fig. 3, Table 4 ). No other items showed any significant correlations, and it was found that the skeletal muscle mass fluctuated in parallel with the albumin levels. Moreover, in terms of physical measurements, the BMI was also assessed, but it did not demonstrate any association with the blood test results (data not shown.)
Time-dependent changes in body composition and correlations between the percent changes in body composition and blood test measurements
Transitions in body composition
During the observation period, ! 3 patients had transitions of body composition with each of the following combinations: normal body composition to visceral obesity, visceral obesity to normal body composition, normal body composition to sarcopenia, and visceral obesity to sarcopenic obesity. It was postulated that the transition between a normal composition and visceral obesity can occur in either direction depending on energy intake and physical activity, and that transitions in normal body composition to sarcopenia and visceral obesity to sarcopenic obesity accompany a progression of cirrhosis.
Discussion
The present investigation re-confirmed that there is a strong relationship between the prognosis and body composition, especially between the prognosis and sarcopenia in patients with cirrhosis. A new finding from this study is that patients with sarcopenic obesity also had a poor prognosis. These findings partially corroborate the findings of a report that measured the skeletal muscle mass and visceral fat mass with CT and analyzed the correlation with the prognosis after liver resection for cancer, thus concluding that sarcopenia is a poor prognostic factor (8) . Specifically, the idea is that, while sarcopenia is a common abnormality of body composition in advanced cirrhosis cases, the visceral fat mass can decrease through undernutrition (cachexia) or increase through decreased physical activity (sarcopenic obesity) (5). The present study did not show a favorable prognosis in cirrhosis patients with visceral obesity. Studies in hemodialysis patients showed that the prognosis is poor in low body weight patients and satisfactory in overweight patients (14, 15) . We previously reported that survival was worse with a decreased VFA (<70 cm 2 ) (16) . In the present study, there was also an association between VFA and the serum albumin level. A better nutritional status may therefore explain the association between visceral obesity with a better survival in cirrhotic patients. Further investigation of this issue will thus be needed.
In the present study, the longitudinal measurements of body composition and blood test items demonstrated that albumin was the only blood test measurement that showed a correlation with changes in muscle mass. In addition, visceral fat mass and albumin showed a mild positive correlation with each other, and the changes over time paralleled each other. It is a well-known fact that a lean body weight is the nutritional factor that is most relevant to prognosis, and that the primary components of lean mass are muscle protein and visceral proteins such as albumin. The present longitudinal study re-confirmed this fact, indicating that it would be essential to provide nutritional guidance in the actual clinical situation, bearing in mind that the maintenance of the serum albumin levels leads to the retention of skeletal muscle.
As mentioned previously, sarcopenia is a common feature of advanced cirrhosis, and the visceral fat mass can decrease or increase depending on the circumstances (5). The present longitudinal study also supports this, as shown in the results, which indicate that the stage preceding sarcopenia is mainly a normal body composition, and the stage preceding sarcopenic obesity is mainly visceral obesity. Although the causes for this and the suppression of secondary sarcopenia that accompanies cirrhosis are unknown (17) , at the present time, nutritional therapy, such as high-protein meals that are intended to maintain albumin, the administration of BCAA formulations, and the night-time administration of light meals, is suggested to be helpful (18, 19) .
This study is associated with several limitations. In the present study, the cut-off value of sarcopenia was defined by the upper limb skeletal muscle mass. The Asian Working Group for Sarcopenia suggested that the cut-off value is 7.0 kg/m 2 in men and 5.7 kg/m 2 in women using the appendicular skeletal muscle mass (20) . According to this definition, there were 23, 37, 53, and 48 patients with sarcopenic obesity, sarcopenia, obesity, and normal body composition, respectively, and there was no association between body composition and sarcopenia ( Supplementary Fig. 1B and Supplementary Table 1 ). Another issue associated with the present study is that a multi-frequency bioelectrical impedance analysis device was used to measure the body composition. This method is often used clinically due to its convenience and superior reproducibility, and it is also recommended for detailed examinations of undernutrition in cirrhosis (recommendation level B) in the 2006 ESPEN guideline (11) . However, caution is necessary in diseases that lead to an increased amount of body fluids, such as cirrhosis, since such measurements may be overestimated (21) . In order to minimize this issue, upper limb muscle mass measurements were used for our evaluations (12) . The upper limb is widely used for traditional physical measurements and it is quite suitable for this purpose as well. Indeed, more sarcopenia was detected even in advanced liver disease with an expansion of ECW. While VFA measurements using the impedance method tend to be problematic, based on their strong correlation with VFA measured by CT and previous findings in chronic diseases, we believe it is a fully sufficient biomarker for clinical application (22) (23) (24) .
Sarcopenia and sarcopenic obesity are poor prognostic factors in patients with cirrhosis. To improve the prognosis of cirrhosis, the skeletal muscle mass and VFA monitoring, as well as the administration of appropriate nutritional therapy, including the maintenance of albumin, is recommended.
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